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Description 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to positioners which are 
widely used for a variety of applications including the po- 
sitioning of optical components, both in production lines 
and in scientific experiments. 

[0002] One shortcoming of positioners designed to 
provide a high degree of accuracy in their positioning is 
that they are often only able operate over a relatively 
limited range. For example, a number of positioner de- 
signs employ piezoelectric drive elements in their drive 
mechanisms. Piezoelectric drive elements are useful be- 
cause they are relatively robust and are able to provide 
repeatable high precision positioning. However, a 38 mm 
long piezoelectric stack might have a positioning range 
of only 42 jxm. This limited range can mean positioners 
employing piezoelectric drive elements can be impracti- 
cal for many applications. Similar problems can arise with 
other types of high precision drive mechanisms. 
[0003] US 3 902 084 [1 ] and US 3 902 085 [2] describe 
"inchworm positioners" which address this problem. 
These are one-axis positioners arranged to selectively 
grip and release opposing ends of a piezoelectric drive 
element as it is cyclically expanded and contracted. Ap- 
propriate control of the piezoelectric drive element and 
the piezoelectric grips at either end can cause the pie- 
zoelectric drive element to inch its way along between 
the grips during successive expand and contract cycles. 
Although positioners of this type allow for larger ranges 
of motion, they are complex designs requiring a number 
of moving parts which must be separately controlled in 
a carefully orchestrated manner. 

[0004] Another approach is to use a positioner com- 
prising two elements in frictional engagement with one 
another which slide relative to one another when the fric- 
tional force between them is overcome. Motion is gener- 
ated by the interplay between inertia of one of the ele- 
ments and slipping or sticking of the frictional engage- 
ment between the elements. Positioners of this kind are 
referred to as inertial positioners or slip-stick positioners 
and are known for example from an article by Dieter Pohl 
in the journal "Review of Scientific Instruments" [3]. Iner- 
tial slip-stick positioners can be made with relatively few 
major components. However, known inertial slip-stick po- 
sitioners have a low load bearing capacity and a high 
degree of sensitivity to orientation, unlike the above de- 
scribed inchworm positioners. 

[0005] An alternative solution would be to use a lever 
arrangement to magnify or amplify the motion. JP 02 
1 1 9277 [4] describes a mechanical amplifier for a piezo- 
electric drive element, albeit one designed primarily for 
dot-matrix printer heads. The device of JP 02 119277 
employs a pair of hinged levers mounted at opposing 
ends of a piezoelectric stack such that the lever's outer 
arms are brought together as their inner arms are pushed 
apart by the piezoelectric element expanding. A buckle 



spring connects between the lever's outer arms and 
buckles outwardly as the lever arms are brought together. 
The outward motion of the buckle spring provides the 
useful output of the device. EP 0 510 698 [5] employs 

5 principles similar to those of JP 02 1 19277, but has two 
buckle springs connected in series between the levers. 
This provides for two simultaneous displacement out- 
puts. Devices of this kind are not generally suitable for 
the reliable positioning of sample platforms. This is be- 

'0 cause their sprung nature makes them prone to vibration, 
and their buckling movement will generally be different 
for different platform loads. This means samples having 
different masses will generally be positioned differently 
for the same expansion of the piezoelectric drive ele- 

*5 ment 

[0006] US 6,346,710 discloses a stage apparatus 
comprising a fixed base and a moveable table. For each 
axis of motion the stage apparatus further comprises a 
pair of actuators and a pair of displacement amplifying 
20 mechanisms for moving the table. 

SUMMARY OF THE INVENTION 

[0007] According to a first aspect of the invention there 

25 is provided a positioner comprising: a base and a sample 
platform moveable relative to the base; a drive mecha- 
nism arranged to act between the base and the sample 
platform; and a plurality of levers extending away from 
each other, the levers supporting the sample platform 

30 and being connected to the drive mechanism so that ac- 
tuation of the drive mechanism is transmitted under me- 
chanical advantage of the levers to position the sample 
platform wherein each lever is rotatably mounted on a 
fulcrum, thereby subdividing the levers into inner and out- 

35 er arms with the inner arms connected to the drive mech- 
anism and the outer arms supporting the sample plat- 
form; and support walls that connect to the levers by flex- 
ible connections to form the fulcrums. 
[0008] The use of levers allows the motion of the drive 

*o mechanism, for example the expansion or contraction of 
a piezoelectric element, to be amplified before being 
transmitted to the sample platform. Furthermore, by 
mounting the sample platform on a plurality of levers ex- 
tending away from each other, a stable mounting can be 

^5 achieved which is resistant to torque forces applied by 
the weight of a sample on the sample platform, for ex- 
ample where the sample is located off-centre. In addition, 
the use of a plurality of levers allows the arcuate motions 
associated with each of the individual levers to be com- 

50 bined to provide a linear motion of the sample platform. 
[0009] Throughout the following, the levers will some- 
times be referred to as output levers. This term reflects 
that they support the sample platform, which may be con- 
sidered an output stage of the positioner. 

55 [001 0] Each lever being rotatably mounted on a ful- 
crum which subdivides the levers into inner and outer 
arms with the inner arms being connected to the drive 
mechanism and the outer arms supporting the sample 
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platform allows for simple lever and drive mechanism 
configurations. 

[0011] The drive mechanism may be arranged to act 
on each of the levers in the same direction such that they 
move in a similar manner to one another when the drive 5 
mechanism is actuated. 

[001 2] The plurality of levers may comprise two levers 
extending in opposing directions. 
[0013] The levers may be connected to one another 
by a flexible hinge. The flexible hinge may be a leaf spring 
connecting between the levers, for example, or the levers 
may be formed from a single cross member. The flexible 
hinge being provided by a thinned section of the cross 
member. 

[0014] Connecting the levers in this way provides a 
restoring force as each of the levers are pivoted about 
their fulcrums, sometimes referred to as flexible pivots, 
away from their rest positions. This restoring force pro- 
vides a support force for the sample platform. By forming 
the levers from a single cross member, a structurally ro- 
bust and easy to assemble configuration having a low 
number of parts can be provided. 
[001 5] Each lever and its support wall may be of unitary 
construction with the flexible connections being provided 
by thinned sections at the junctions between the levers 
and support walls. 

[0016] This kind of flexible pivot provides a further re- 
storing force as each of the levers are pivoted, so in- 
creasing the support force for the sample platform. The 
unitary construction is structurally robust and easy to as- 30 
semble having a low number of parts. 
[0017] The support walls providing the flexible pivot 
support may be configured to be independently flexed. 
For example, a piezoelectric transducer may be bonded 
to a face of one of support walls which can be driven to 35 
expand, so causing the support wall to flex. Flexing one 
or other (or both) support walls reduces their effective 
length relative to one another. This can cause relative 
movement between the fulcrums of the different levers. 
Because the sample platform is connected to each of the *o 
levers, this relative movement between the fulcrums 
leads to a rotation of the sample platform with respect to 
the base, so allowing for angular positioning. 
[0018] The sample platform may be mounted on the 
levers by a pair of output linkages which are stiff in respect 
of forces applied parallel to their axes of extent. This al- 
lows motion to be reliably transferred from the levers to 
the sample platform. 

[0019] The output linkages may be deformable in re- 
spect of forces applied transverse to their axes of extent, so 
This assists the positioner to accommodate the trans- 
verse components of the arcuate motion of the levers 
and so provide the linear motion of the sample platform. 
In other cases, resilient mountings between the output 
linkages and the levers and/or the sample platform may 55 
be provided to accommodate these transverse motion 
components. 

[0020] The flexible output linkages allow the positioner 



to reliably position the sample platform parallel .to the 
drive axis, even if the sample platform is being moved or 
is offset relative to the base- in a direction which is trans- 
verse to the drive axis, the transverse movement being 
accommodated by flexure of the output linkages. This 
allows a number of the positioners to be connected in 
parallel in a multi-axis positioner. For example, two or 
three orthogonally mounted positioners may be connect- 
ed between a common base and a common sample plat- 
form to provide a two- or three-axis positioner. 
[0021] The output linkages may extend substantially 
parallel to a drive axis along which the drive mechanism 
supplies an actuation force. 

[0022] The output linkages may extend away from the 
levers on the same side as that on which the drive mech- 
anism, or a significant part of it, is located. 
[0023] This "doubling-back" of the output linkages al- 
lows the use of relatively long output linkages in a small 
space. The use of long output linkages improves their 
flexibility. In addition, long output linkages provide for a 
relatively large radius of curvature for the transverse mo- 
tions associated with either the arcuate motion of the 
levers, or the transverse motion of the sample platform 
relative to the base in a multi-axis positioner. Having a 
large radius of curvature acts to reduce the coupling be- 
tween the transverse and longitudinal components of the 
motion of the positioner. 

[0024] The positioner may further comprise biasing el- 
ements, for example springs, e.g. helical springs, con- 
nected to each lever and arranged to resist movement 
of the levers relative to the base. The biasing acts to 
provide an additional restoring force for the levers as they 
are moved by the drive mechanism. This further increas- 
es the load which the positioner can reliably support and 
position. 

[0025] The positioner may further comprise a stop 
mechanism connected to each lever to limit the amount 
by which it can move relative to the base. This helps to 
prevent the positioner from being damaged, for example 
by being overloaded or over driven by the drive mecha- 
nism. 

[0026] In general, the geometry of the levers and the 
locations at which the sample platform and the drive 
mechanism are coupled to them, will be such that the 
sample platform moves by an amount greater than an 
amount by which the drive mechanism moves. That is to 
say the mechanical advantage, or mechanical amplifica- 
tion, of the lever's action will be greater than unity. How- 
ever, in some examples the arrangement will be such 
the sample platform moves by an amount less than an 
amount by which the drive mechanism moves. That is to 
say the mechanical advantage, or mechanical amplifica- 
tion, of the lever's action will be less than unity. This ar- 
rangement effectively gears-down the expansion or con- 
traction of the piezoelectric element. This allows a sam- 
ple to be positioned more accurately than the drive mech- 
anism precision. 

[0027] The positioner may include one or more strain 
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gauges for measuring the position of the levers. There 
are a number of points at which strain gauges may be 
mounted. For example, strain gauges may be coupled 
to the parts drive mechanism. For example, they may be 
bonded to the side of a piezoelectric element which might 
form part of the drive mechanism. This allows the move- 
ment of the drive mechanism to be measured, from which 
the positions of the levers can be calculated. From the 
positions of the levers, the position of the sample platform 
relative to the base can be determined. Strain gauge out- 
put signals can also be used in a feed back control loop 
to improve the positioning stability, i.e. to provide an en- 
coder device. 

[0028] The one or more strain gauges may be coupled 
to respective bridge measuring circuits. For example, 
Wheatstone bridge measuring circuits, which are mount- 
ed on the positioner itself. This can help to reduce effects 
arising from temperature differentials between different 
elements of the bridge circuitry. In some embodiments, 
a strain gauge may be used in each arm of the bridge 
circuitry to provide increased sensitivity. 
[0029] The positioner may include a further plurality of 
levers extending away from each other, the further levers 
being connected to the base and the drive mechanism 
so that actuation of the drive mechanism is transmitted 
to the further levers to cause them to move with respect 
to the base. 

[0030] Each further lever may be rotatably mounted 
on a fulcrum, thereby subdividing the further levers into 
inner and outer arms with the inner arms connected to 
the drive mechanism and the outer arms connected to 
the base. 

[0031] The further levers may be arranged such that 
the drive mechanism acts on each of the further levers 
in the same direction. This may be a direction which is 
different to that in which the drive mechanism acts on the 
first mentioned, or output, levers. 
[0032] Throughout the following, the further levers will 
sometimes be referred to as input levers. This term re- 
flects that they are coupled to the base, which may be 
considered an input stage of the positioner. 
[0033] The input levers generally mirror the output le- 
vers and so provide a positioner with a high degree of 
symmetry. It will be understood that the design and con- 
struction of the input levers may include a number of fea- 
tures which correspond to those described above for the 
output levers. 

[0034] A pair of input linkages may be used for con- 
necting the base to the input levers, the input linkages 
being stiff in respect of forces applied parallel to their 
axes of extent but def ormable in respect of forces applied 
transverse thereto. The input linkages may again be dou- 
bled-back, i.e. extending away from the input levers on 
the same side as that on which the drive mechanism is 
located, to allow for long linkages in a small space. 
[0035] By providing a highly symmetric design such as 
this, movement of the drive mechanism can be trans- 
ferred to the sample platform via a combined motion of 



the output and input levers. This means the output levers 
only need pivot by approximately half the amount they 
would otherwise do if there were no input levers to ac- 
commodate part of the motion of the drive mechanism. 
5 This reduces residual effects associated with the arcuate 
motion of the levers. 

[0036] The highly symmetric design additionally reduc- 
es the number of different component parts of the posi- 
tioner, so providing for more simple manufacture. 

10 [0037] According to a second aspect of the invention 
there is provided a multi-axis positioner comprising a first 
positioner according to the first aspect of the invention 
aligned along a first direction and a second positioner 
according to the first aspect of the invention aligned along 

*5 a second, different, direction, the first and second posi- 
tioners connecting between a common base and a com- 
mon sample platform. 

[0038] The multi axis-positioner may further comprise 
a third positioner according to the first aspect of the in- 
20 vention aligned along a third direction, the third direction 
being different to the first and second directions, the third 
positioner connecting between the common base and 
the common sample platform. 

[0039] In this way, a multi-axis positioner having a par- 
25 allel mechanism may be provided having up to six de- 
grees of freedom. Where six degrees of freedom are not 
required, fewer may be provided. For example, the third 
positioner might not provide for rotation of the sample 
platform, such that a five-axis positioner is provided. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] For a better understanding of the invention and 
to show how the same may be carried into effect refer- 
35 ence is now made by way of example to the accompa- 
nying drawings in which: 

Figure 1 schematically shows a front view of a one- 
axis positioner according to a first embodiment of 

40 the invention; 

Figure 2 schematically shows an end view of the 
positioner shown in Figure 1 ; 
Figure 3 schematically shows a side view of the po- 
sitioner shown in Figure 1 ; 

45 Figure 4 schematically shows a perspective view of 
the positioner shown in Figure 1 ; 
Figure 5 schematically shows a flexible linkage of 
the positioner shown in Figure 1 ; 
Figure 6 schematically shows a perspective view of 

50 a three-axis positioner according to a second em- 
bodiment of the invention; and 
Figure 7 schematically shows an exploded perspec- 
tive view of a base and a sample platform for the 
positioner shown in Figure 6. 

55 

DETAILED DESCRIPTION 

[0041] Figures 1, 2, 3 and 4 schematically show re- 
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spective front, end, side and perspective views of a po- 
sitioner 2 according to a first embodiment of the invention. 
The positioner 2 is described with reference to a three- 
dimensional Cartesian co-ordinate system and terms 
such as upper and lower refer to the orientation shown 5 
in Figure 1. It will be appreciated, however, that the po- 
sitioner can be equally be used in other orientations. The 
front view of Figure 1 is taken along a y-axis, the end 
view of Figure 2 is taken along a z-axis and the side view 
of Figure 3 is taken along an x-axis. A legend in each 10 
figure indicates the Cartesian plane of the figure. 
[0042] The positioner 2 is a one-axis positioner for 
moving a sample platform (or output stage) 6 relative to 
a base (or input stage) 4 along the z-axis. (The sample 
platform 6 is not shown in Figures 2 or 4 and the base 4 '5 
is also not shown in Figure 4). The positioner in this ex- 
ample has a characteristic size of around 55 mm in the 
x- and z-directions and about 1 5 mm in the y-direction. 
However, it is noted the design is inherently scaleable 
so these dimensions could be much smaller or larger if 20 
desired. In fact, the design could be useful for a micro- 
electromechanical system (MEMS) or nano-technology 
environment implemented in semiconductor materials 
using etch technology. The positioner comprises a main 
. body member 21 made of stainless steel, a piezoelectric 25 
element 8, a pair of input flexible linkages 22, 24 con- 
necting the main body 21 to the base 4, a pair of output 
flexible linkages 26, 28 connecting the main body 21 to 
the sample platform 4, load springs 38, 40 and mounting 
spigots 42, 44, 46, 48 for the load springs. The piezoe- 30 
lectric element 8 is schematically illustrated as a stack, 
but it will be understood that a tube or other form of pie- 
zoelectric element could be used. Other kinds of actuator, 
such as a driven screw, may also be used. 
[0043] In this example, the main body 21 is of unitary 35 
construction and comprises an input cross member 7 to 
which the input flexible linkages 22, 24 are attached and 
an output cross member 9 to which the output flexible 
linkages 26, 28 are attached. The input and output cross 
members 7, 9 are separated from one another by first 4 ° 
and second support walls 1 8, 20. The input cross member 
7 has a cut-out in its upper face running parallel to the y- 
axis. This provides for an input flexure hinge 23 which 
allows the input cross member to flex at its centre. The 
output cross member 9 has a similar cut-out in its lower 45 
face. This provides for an output flexure hinge 19 which 
allows the output cross member to flex at its centre. The 
connections between the respective ends of the first and 
second support walls 1 8, 20 and the input and output 
cross members 7, 9 comprise thinned sections of the so 
main body 21 extend along the y-direction so as to pro- 
vide respective flexure pivots 1 1 , 13, 15, 17 which act as 
fulcrums. 

[0044] The combination of flexure hinges 23, 1 9 in the 
cross members 7, 9 and the flexure pivots 1 1 , 1 3, 1 5, 1 7 ss 
provide for four levers 10., 12, 14, 16. The input cross 
member 7 is divided by its flexure hinge 23 into a first 
input lever 1 0 and a second input lever 1 2 with respective 



ones of the flexible pivots 11,13 providing fulcrums for 
each of the input levers. The output cross member 9 is 
divided by its flexure hinge 19 into a first output lever 14 
and a second output lever 16 with respective ones of the 
flexible pivots 15, 17 providing fulcrums for each of the 
output levers. Accordingly, the input and output levers to 
one side of the piezoelectric element 8 form a first op- 
posing pair of input and output levers 10, 14 while the 
input and output levers to the other side of the piezoe- 
lectric element 8 form a second opposing pair of input 
and output levers 12, 16. Each lever 10, 12, 14, 16 is 
subdivided by its respective flexible pivot 1 1, 13, 15, 17 
into an inner arm and an outer arm. The inner arms of 
the levers are those parts extending inwardly from the 
flexible pivots towards the flexure hinges. The outer arms 
are those parts of the levers extending outwardly away 
from the flexure hinges. 

[0045] The piezoelectric element 8 extends between 
the input and output cross members 7, 9 and is positioned 
between the support walls 18, 20. The piezoelectric ele- 
ment is arranged so as to expand and contract along the 
z-axis when driven by an appropriate drive signal. The 
piezoelectric element has an input end adjacent the input 
cross member 7 and an output end adjacent the output 
cross member 8. The interfaces between the ends of the 
piezoelectric element 8 and the cross members 7, 9 are 
arranged such that the cross members may flex at their 
flexure hinges without damaging the piezoelectric ele- 
ment. This can be achieved, for example, by employing 
a bearing pad having a limited contact area aligned with 
the flexure hinges of the cross members. The piezoelec- 
tric element 8 is dimensioned slightly longer than the gap 
into which it is to be placed. The piezoelectric element is 
inserted into this undersized gap by first forcing the outer 
arms of opposing pairs of the input and output levers 
together. This causes the levers 10, 12, 14, 16 to pivot 
about their respective flexure pivots 1 1, 13, 15, 17 such 
that the gap into which the piezoelectric element is fitted 
is increased, and the piezoelectric element can be insert- 
ed. Once the piezoelectric element is in place, the force 
applied to the outer arms of the levers is removed so that 
the main body attempts to re-adopt its unstressed con- 
figuration. However, it is prevented from doing so fully 
by the additional length of the piezoelectric element. This 
ensures the piezoelectric element is kept under compres- 
sion. This pre-stressing of the piezoelectric element im- 
proves its operating characteristics, as is well known. 
[0046] A strain gauge is bonded to each side of the 
piezoelectric element. Three of the strain gauges 29a, 
29b, 29c can be seen in Figure 1 . Each strain gauge is 
configured to measure the degree of expansion or con- 
traction of the piezoelectric element 8. It will be appreci- 
ated that the expansion or contraction of the piezoelectric 
element 8 could be measured using other strain gauge 
configurations. For example, only one strain gauge might 
be used. However, multiple strain gauges can provide 
improved sensitivity. 

[0047] Figure 5 is a schematic cross-section view of 
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one of the input flexible linkages 22 used to connect the 
input cross member 7 to the base 4. The other flexure 
linkages 24, 26, 28 are identical in structure to the flexure 
linkage 22 shown in Figure 5, although are differently 
installed in the positioner 2. The linkage is rigid in respect 
of forces applied along its axis of extent, but flexible in 
respect of transversely applied forces. It will be appreci- 
ated that in some single axis embodiments of the inven- 
tion, the flexible linkages 22, 24, 26, 28 could be replaced 
with rigid linkages which are not deformable in respect 
of transversely applied forces. However, as will be seen 
further below, flexible linkages of the kind shown in Figure 
5 allow for a positioner which can be easily integrated 
into a multi-axis positioner. The flexure linkage 22 con- 
tains a rigid central body 58 with a mounting dowel 60 
attached to one end by a flexible portion 62. A similar 
flexible portion 64 extends from the other end of the cen- 
tral body but terminates freely. The central body and 
mounting dowel are made of 3 mm diameter stainless 
steel rod. The flexible portions are made of 1 mm diam- 
eter music wire. The mounting dowel is around 5 mm 
long and the central body is around 25 mm long. The 
music wire is received into bores in the central body and 
the mounting dowel such that approximately 1 0 mm is 
left exposed between the central body and the mounting 
dowel and around 1 5 mm is left exposed on the other 
side. The flexible linkage 22 has an overall length of 
around 55 mm. Because the sections of music wire are 
relatively short, the flexible linkage has a relatively high 
longitudinal stiffness but is free to flex in the transverse 
direction. Linkages of this kind are further described in 
EP 0 937 961 [6]. 

[0048] As can be seen from Figure 4, input flexible link- 
age 22 is installed in the positioner 2 such that the free- 
end flexible portion 64 is fixedly connected near the edge 
of the outer arm of input lever 10. The linkage then ex- 
tends substantially parallel to the z-axis towards output 
lever 14, the central body 58 being disposed between 
the opposing lever arms 10, 14. The flexible portion 62 
to which the mounting dowel is attached passes through 
a rubber bushing 34 in the output lever 14. The rubber 
bushing 34 allows the input flexible linkage 22 to slide 
freely in a direction parallel to its axis of extent, but not 
transversely to this axis. A degree of damping is provided 
by the rubber bushing and this helps to reduce vibrational 
noise in the positioner. With the positioner 2 in the orien- 
tation shown in Figure 4, the mounting dowel 60 is located 
beneath the output lever 14. As mentioned above, the 
base 4 is not shown in Figure 4. However, as can be 
seen from Figure 1 , the mounting dowel 60 is received 
into an opening in the base where it is held in place, for 
example by gluing or using grub screws. 
[0049] The other flexible input linkage 24 is installed 
in a similar fashion, connecting between the input lever 
1 2 and output lever 1 4, and passing through rubber bush- 
ing 36. The mounting dowel of flexible linkage 24 is sim- 
ilarly attached to the base 4. Accordingly, the positioner 
2 is supported with respect to the base 4 by the two input 



10 

flexible linkages. Because the input flexible linkages are 
longitudinally rigid, the parts of the outer arms of the input 
levers to which the input flexible linkages attach are fixed 
relative to the base along the z-direction. However, be- 

5 cause of their flexibility to transverse forces, the parts of 
the outer arms of the input levers to which the input flex- 
ible linkages attach may be moved in the x- and y-direc- 
tions. It will be appreciated that this motion will be arcuate 
in the xz- and yz-planes respectively, but for ease of ex- 

10 planation, they are described by the direction of their larg- 
est component. 

[0050] The output flexible linkages 26, 28 are installed 
in an overall similar fashion to the input flexible linkages 
22, 24, but, rather than connecting the base to the input 

? 5 levers, they connect the output levers to the sample plat- 
form. That is to say, the free end flexible portions of the 
output flexible linkages are fixedly connected near the 
edge of the outer arms of respective ones of the output 
levers 1 4, 1 6. The linkages then extend substantially par- 

20 allel to the z-axis towards input levers 10, 12. For the 
orientation shown in Figure 4, the mounting dowels of 
the output flexible linkages are located above the input 
levers 10, 12. The sample platform 6 is not shown in 
Figure 4. However, as can be seen from Figure 1, the 

25 mounting dowels of the output flexible linkages are re- 
ceived into openings in the sample platform where they 
are held in place. 

[0051 ] Accordingly, the sample platform 6 is supported 
relative to the base along the z-axis via the output flexible 

30 linkages which connect it to the main body 21 which in 
turn is supported by the input flexible linkages which con- 
nect it to the base. The Sample platform is free to move 
in the x- and y-directions. If this is not desired, support 
rails or other bracing could be used. 

35 [0052] For a positioner in the orientation shown in Fig- 
ures 1 to 4, the weight of a sample on the sample platform 
applies a load force which is transmitted from the sample 
platform 6 along the output flexure linkages 26, 28 so as 
to act downwardly on the outer arms of the output levers 

*o 1 4, 1 6. The reaction force supporting the weight of the 
sample is transmitted from the base 4 along the input 
flexure linkages 22, 24 so as to act upwardly on the outer 
arms of the input levers 10, 12. The net effect of this is 
that opposing pairs of input and output levers are urged 

45 apart. This motion is resisted by the resilience of the flex- 
ure hinges 23 and 1 9, the resilience of the flexure pivots 
11, 13, 15, 17 and the resistance to compression of the 
piezoelectric element 8. To increase the useful load that 
the positioner can support without damaging the flexure 

50 hinges, flexure pivot or the piezoelectric element 8 and 
to provide a positive force against displacements, load 
springs 38, 40 are used. These connect between the out- 
er arms of each opposing pair of input and output levers 
to provide additional support for the sample platform by 

55 effectively increasing the rigidity main body 21. One of 
the load springs 38 is mounted on a pair of spigots 42, 
44 respectively connected to one opposing pair of input 
and output levers 10, 14. The other load spring 40 is 
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mounted on a similar pair of spigots 46, 48 connected to 
the other opposing pair of input and output levers 12,16. 
The spigots are held in place by screw fixings, two of 
which 50, 52 can be seen in Figures 2 and 4. 
[0053] The individual pairs of spigots connected to op- 
posing pairs of lever arms are sized such that between 
them they extend across much of the gap between the 
input and output lever arms. However, the pairs of spigots 
do not meet. In the positioner's natural, or rest, configu- 
ration (i.e. with no drive signal applied to the piezoelectric 
element), the spigots are separated by a distance that is 
approximately one-and-a-half times their expected range 
of travel during normal use of the positioner 2. This allows 
the positioner to cover its range of travel freely, but pro- 
vides protection against attempts to significantly exceed 
this range as this would cause the spigots to meet. Ac- 
cordingly, the spigots act as mechanical stops or abut- 
ments. Other stop configurations are possible, though it 
is convenient to combine the stops with the spigot. Safety 
margins other than 50% are of course possible. 
[0054] A sample mounted on the sample platform 6 
may be moved to a desired position along the z-direction 
by driving the piezoelectric element 8 to expand or con- 
tract In its natural configuration (i.e. no drive signal ap- 
plied) the positioner supports the sample at a position zo 
along the z-direction, this is referred to as its natural po- 
sition or rest position. The z co-ordinate is taken to in- 
crease upwardly as indicated by the legend in Figure 1. 
To move the sample upwardly (i.e. increasing z) from its 
natural position, a drive signal from a controller (not 
shown) is applied to the piezoelectric element such that 
it is driven to expand by an amount AzP z . The expansion 
of the piezoelectric element acts on the inner arms of the 
input and output levers such that the outer arms of op- 
posing pairs of the input and output levers are brought 
together as the levers pivot about their respective flexible 
pivots. Because of the arrangement of input and output 
flexible linkages, this causes the sample platform 6, and 
hence the sample supported on it, to move upwardly 
away from the base 4. 

[0055] Although the motion of the individual lever arms 
is arcuate in the plane containing the z-axis of the piezo- 
electric element, the symmetric motion of the input and 
output lever arms causes the flexible linkage to move 
slightly diagonally. Accordingly, as the sample platform 
raises, in addition to moving relative to each other along 
the z-direction, the input and output flexible linkages also 
move inwardly towards the piezoelectric element by a 
small amount. Because of the symmetry of the positioner 
about a yz-plane running through the centre of the pie- 
zoelectric element, the flexible linkages on one side of 
the piezoelectric element move inwardly by an amount 
which is equal and opposite to that of the flexible linkages 
on the other side. Because of this, no net transverse mo- 
tion it transferred to the sample platform relative to the 
base. The small transverse motions of the flexible link- 
ages are accommodated by their flexible portions. Ac- 
cordingly, the sample platform motion is largely decou- 



pled from the horizontal components of motion associat- 
ed of the arcuate movement of the outer arms of the 
levers on which the sample platform is supported. The 
sample platform therefore moves in a direction which is 
5 largely parallel to the z-axis. The amount by which the 
sample platform 6 moves is determined by the amount 
by which the piezoelectric element expands and the me- 
chanical advantage of the levers. For the example posi- 
tioner shown in Figures 1 to 5, the effective length of the 

10 inner arms of the levers (i.e. the distance between their 
flexible pivots and the location at which the piezoelectric 
element 8 acts on them) is one-third of the effective length 
of the outer of the levers (i.e. the distance between their 
flexible pivots and the flexible linkages). This means that 

15 as the piezoelectric element expands by an amount AzP z , 
the sample platform is raised by an amount Az s p = 3AzP z . 
Accordingly, the overall range of motion provided by the 
positioner is three times that of the piezoelectric element 
8 itself. Because of the-symmetry of the positioner, this 

20 amplification is achieved while maintaining a substantial- 
ly linear motion of the sample platform parallel to the drive 
axis of the piezoelectric element. It will be appreciated 
that other amplifications can be achieved by changing 
the ratio of the effective lengths of the inner and outer 

25 arms of the levers. It is even possible to provide a me- 
chanical advantage of less than unity. Although this re- 
duces the overall range of motion for the positioner, it 
effectively gears-down the expansion or contraction of 
the piezoelectric element. This can help to reduce jitter 

30 in the position of the sample platform associated with 
noise in the drive mechanism. For example, due to elec- 
tronic noise in the drive signal applied to the piezoelectric 
element. 

[0056] The sample can be moved further along the z- 

35 direction by further expanding the piezoelectric element 
or the sample can be moved back towards its natural 
position by contracting the piezoelectric element. It is 
possible to move the sample downwardly from its natural 
position by driving the piezoelectric element to contract 

40 from its natural configuration. However, a given piezoe- 
lectric element will generally allow for a larger range of 
expansion than it will for contraction. For example, a pi- 
ezoelectric element might typically be able to contract 
over a range which is only 10% or so of its expansion 

45 range. Accordingly the sample's natural position will typ- 
ically be selected to correspond to be at or near the lowest 
position the sample will be required to adopt. 
[0057] The instantaneous position of the sample plat- 
form can be calculated form the positioner's known re- 

50 sponse to the drive signal applied to the piezoelectric 
element. Alternatively, it is possible to provide a sensor 
for making a measurement of the position. This reduces 
the impact of any long term drifts in the positioner re- 
sponse, and can also be used as a feed-back signal to 

55 assist positional stabilisation using a feedback loop. 
[0058] The position measurement may come from the 
strain gauges 29a, 29b, 29c mounted to the piezoelectric 
element 8. Outputs from these strain gauges indicate the 
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degree of expansion or contraction of the piezoelectric 
element 8. From this, the positions of the levers can be 
determined, and hence the position of the sample plat- 
form with respect to the base calculated. In one example, 
the strain gauges are incorporated into Wheatstone 
bridge measurement circuitry mounted locally at the po- 
sitioner. This reduces effects associated with, for exam- 
ple, thermal variations which might otherwise arise be- 
tween different elements of the Wheatstone bridge. 
[0059] In other examples, a more direct measure of 
the position of the sample platform relative to the base 
can be provided. For example, by having a linear dis- 
placement transducer arranged to measure the overlap 
of neighbouring pairs of the input and output flexible link- 
ages. In other cases, other feedback mechanisms may 
be used, for example externally derived signals which 
depend on the position of a sample. For example, a re- 
flection or interfero metric optical encoder. 
[0060] It will be appreciated that many other configu- 
rations of positioner are possible. For example, a single 
axis positioner that is not to be incorporated into a multi- 
axis positioner, could employ rigid linkages in place of 
the flexible linkages for connecting the main body to the 
base and sample platform. In such cases, slide bearings 
or resilient bush mountings could be employed at both 
the base and sample platform fixings to accommodate 
any transverse motions associated with the arcuate mo- 
tion of the lever outer arms. 

[0061] In other examples, the input cross member may 
be solid such that it does not flex and is instead forms 
part of, or is rigidly connected to, the base. In such cases 
the expansion of the piezoelectric element acts wholly 
on the inner arms of the output levers (there being no 
input levers). This configuration causes the mounting 
dowels of the output flexible linkages to have an arcuate, 
rather than diagonal, motion. The transverse motion 
component associated with this is again accommodated 
by the flexibility of the flexible linkages, or by the flexibility 
of the mountings in cases where rigid linkages are used. 
[0062] The arrangement of having the input and output 
flexible linkages doubling-back on one another through 
the positioner allows relatively long linkages to be used 
in a small space. This improves the flexibility of the link- 
ages and also provides for a relatively large radius of 
curvature associated with any transverse motions. This 
reduces the coupling between the transverse and longi- 
tudinal motions of the positioner. However, in some em- 
bodiments the flexible linkages may not double back 
through the positioner, but may instead extend directly 
away from it. This effectively reverses the direction of 
motion such that expansion of the piezoelectric element 
causes the sample platform to move in the opposite di- 
rection to that described above. 

[0063] It will be appreciated that in some examples the 
output levers, and input levers where present, could be 
separate elements connected, for example by a leaf 
spring acting as a flexure hinge, and need not be formed 
from a single cross member having a cut out to define a 



14 

flexure hinge. In other examples, the output levers could 
be separate from one another with no flexure hinge or 
other direct link between them. In these cases, load 
springs of the kind shown in Figures 1 to 4 can be used 
5 to replace the functionality of the flexible hinges (i.e. the 
function of providing load support and a restoring force). 
A link between the first and second support walls, or other 
means, could be used to hold the levers correctly in po- 
sition relative to one another in such cases. 
w [0064] It will also be appreciated that other kinds of 
flexure pivot might be used as fulcrums for the levers. 
For example, in an example which does not include a 
unitary main body, support walls having an knife edges 
which sit in V-gmoves in the levers may be used to pro- 
fs vide the flexible pivots. 

[0065] It will further be appreciated that piezoelectric 
element may be configured such that the axis of the pi- 
ezoelectric element itself is not parallel to the drive axis 
along which it supplies the actuation, or drive, force. For 
20 example, the piezoelectric element may be arranged to 
expand and contract along one direction and a mechan- 
ical drive train configured transfer this motion so as to 
supply an actuation force along a drive axis. 
[0066] As previously noted, the above has described 
25 a positioner for positioning a sample platform relative to 
a base along a vertical z-axis. It will be understood this 
particular orientation is arbitrary and the axis of the po- 
sitioner can be arranged to position the sample platform 
relative to the base along any desired direction, including 
30 "up-side-down M configurations. References made above 
to upper, lower, upwardly, downwardly, and so forth, re- 
late only to a positioner in the orientation shown in Figures 
1 to 4. 

[0067] Figure 6 schematically shows a perspective 

35 view of a positioner 102 according to a second embodi- 
ment of the invention. As before, the positioner 1 02 will 
be described with reference to a three-dimensional Car- 
tesian co-ordinate system. A legend in the figure indi- 
cates the direction of the Cartesian coordinates. 

40 [0068] The positioner 1 02 is a three-axis parallel posi- 
tioner for moving a sample platform (or output stage) 106 
relative to a base (or input stage) 1 04 along the x- y- and 
z-axes. The outer geometry of the positioner in this ex- 
ample is generally cuboid with a characteristic size of 

4 5 around 55 mm. 

[0069] Figure 7 schematically shows an exploded per- 
spective view of the sample platform 106 and base 104. 
The base comprises three faces arranged to form three- 
faces of a cube. An xy-face 110 lies in an xy-plane, an 

50 xz-face 112 lies in an xz-plane and a yz-face 114 lies in 
a yz-plane. The sample platform similarly comprises 
three faces arranged to form three-faces of a cube, again 
having an xy-face 120 lying in an xy-plane, an xz-face 
122 lying in an xz-plane and a yz-face 124 lying in a yz- 

55 plane. In the assembled positioner 102 shown in Figure 
6, the sample platform 106 and base 104 are located 
near to one another but are not in contact. 
[0070] As can be seen from Figure 6, the three-axis 
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positioner 1 02 comprises three one-axis positioners con- 
necting in parallel along three orthogonal axes between 
the sample platform 106 and the base 104. These three 
one-axis positioners are an x-axis positioner 2x, a y-axis 
positioner 2y and a z-axis positioner 2z. Each of these 5 
is similar, to and operates in the same way as, the posi- 
tioner 2 described above and shown in Figures 1 to 5, 
except that the x-axis and y-axis positioners are differ- 
ently oriented. 

[0071] The x-axis positioner 2x is arranged with its n> 
drive axis parallel to the x-axis and connects between 
the yz-face 1 14 of the base and the yz-face 124 of the 
sample platform. The mounting dowels for the input flex- 
ible linkages of the x-axis positioner 2x fit into holes 76, 
78 in the yz-face 1 1 4 of the base. These dowels are held *5 
in place by respective grub screws 90, 92. The mounting 
dowels for the output flexible linkages of the x-axis posi- 
tioner 2x are similarly fixed into holes (not visible) in the 
yz-face 124 of the sample platform. Accordingly, when 
the x-axis positioner is driven as described above for the 20 
positioner 2 shown in Figures 1 to 5, the sample platform 
106 is moved relative to the base 104 along the x-direc- 
tion. 

[0072] The y-axis positioner 2y is arranged with its 
drive axis parallel to the y-axis and connects between 25 
the xz-face 1 12 of the base and the xz-face 122 of the 
sample platform. The mounting dowels for the input flex- 
ible linkages of the y-axis positioner 2y fit into holes 72, 
74 in the xz-face 1 1 2 of the base. These dowels are again 
held by grub screws. The mounting dowels for the output 30 
flexible linkages of the y-axis positioner 2y are similarly 
fixed into holes 84, 86 in the xz-face 122 of the sample 
platform. Accordingly, when the y-axis positioner is driv- 
en, the sample platform 1 06 is moved relative to the base 
1 04 along the y-direction. 35 
[0073] The z-axis positioner 2z is arranged with its 
drive axis parallel to the z-axis and connects between 
the xy-face 1 10 of the base and the xy-face 120 of the 
sample platform. The mounting dowels for the input flex- 
ible linkages of the z-axis positioner 2z fit into holes (not *o 
visible) in the xy-face 1 1 0 of the base. The mounting dow- 
els for the output flexible linkages of the z-axis positioner 
2z are fixed into holes 80, 82 in the xy-face 120 of the 
sample platform. Accordingly, when the z-axis positioner 
2z is driven, the sample platform 106 is moved relative 45 
to the base 104 along the z-direction. 
[0074] Accordingly, the x- f y- and z-axis positioners 
may be driven to move and so position the sample plat- 
form along all three directions. Because the x-, y- and z- 
axis positioners each employ flexible linkages for con- 50 
necting between the base and the sample platform, the 
positioners associated with each axis are able to accom- 
modate motion along each of the other axes in a manner 
broadly similar to that described in EP 0 937 961. 
[0075] Returning to the one axis positioner 2 shown in 55 
Figure 2, in some examples the first and second support 
walls 1 8, 20 can be made sufficiently thin that they may 
be flexed outwardly or inwardly. This can be achieved 



using a suitably mounted actuator. For example a piezo- 
electric element bonded to an outer face of one of the 
support walls may be driven to expand so flexing the 
support wall. One or more strain gauges may also be 
mounted on the support wall to measure the degree of 
flexure. Flexing the support wall on one side has the effect 
of bringing together the opposing pair of input and output 
levers on that side so as to increase the separation be- 
tween the base and the sample platform on the same 
side. Accordingly, flexing the support walls in this way 
can allow angular positioning of the sample platform 
shown in Figures 1 to 4 about the y-axis. Employing sim- 
ilar means for flexing the support walls in each of the 
three positioners shown in Figure 6 provides for a six- 
axis positioner. 
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Claims 

1 . A positioner (2, 1 02) comprising: 

a base (4, 104) and a sample platform (6, 106) 
moveable relative to the base; 
a drive mechanism (8) arranged to act between 
the base and the sample platform; 
a plurality of levers ( 1 4, 16) extending away from 
each other, the levers supporting the sample 
platform and being connected to the drive mech- 
anism so that actuation of the drive mechanism 
is transmitted under mechanical advantage of 
the levers to position the sample platform; 
wherein each lever is rotatably mounted on a 
fulcrum (15, 17), thereby subdividing the levers 
into inner and outer arms with the inner arms 
connected to the drive mechanism and the outer 
arms supporting the sample platform; charac- 
terized by 

support walls (18, 20) that connect to the levers 
by flexible connections to form the fulcrums. 

2. A positioner according to claim 1 , wherein the drive 
mechanism is arranged to act on the levers in the 
same direction. 

3. A positioner according any of claims 1 or 2, wherein 
the drive mechanism comprises a piezoelectric ele- 
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ment. 

4. A positioner according to any of claims 1 to 3, where- 
in the plurality of levers comprises at least one pair 

of levers that extend in opposite directions to each 5 
other. 

5. A positioner according to any of claims 1 to 4. further 
comprising a flexible hinge (19) interconnecting at 
least some of the levers. 10 

6. A positioner according to claim 5, wherein the levers 
are formed from a single cross member (9), the flex- 
ible hinge being provided by a thinned section of the 
cross member. 15 

7. A positioner according to any of claims 1 to 6, where- 
in each lever and its support wall are of unitary con- 
struction, the flexible connection being provided by 

a thinned junction section. 20 

8. A positioner according to any of claims 1 to 7, where- 
in the fulcrums are moveable relative to one another 
such that the sample platform may be rotated with 
respect to the base. 25 

9. A positioner according to any of claims 1 to 8, where- 
in the sample platform is mounted on the levers by 
a pair of output linkages (26, 28) which are stiff in 
respect of forces applied along their axes of extent. 30 

10. A positioner according to claim 9, wherein the output 
linkages are deformable in respect of forces applied 
transverse to their axes of extent. 

35 

1 1 . A positioner according to claim 9 or 1 0, wherein the 
output linkages extend away from the levers on the 
same side as that on which the drive mechanism is 
located. 

40 

12. A positioner according to any of claims 9 to 11, 
wherein the output linkages extend substantially par- 
allel to a drive axis along which the drive mechanism 
supplies an actuation force. 

45 

13. A positioner according to any of claims 1 to 12, further 
comprising biasing elements (38, 40) connected to 
each lever and arranged to resist movement of the 
levers relative to the base and so provide a restoring 
force when the levers are moved. 50 

14. A positioner according to any of claims 1 to 13, further 
comprising a mechanical stop (44, 48) connected to 
each lever to limit the amount by which it can move 
relative to the base. 55 

15. A positioner according to any of claims 1 to 14, 
wherein the mechanical advantage of the levers acts 



to move the sample platform by an amount which is 
more than the movement of the drive mechanism. 

16. A positioner according to any of claims 1 to 15, 
wherein the mechanical advantage of the levers acts 
to move the sample platform by an amount which is 
less than the movement of the drive mechanism. 

17. A positioner according to any of claims 1 to 16, further 
comprising one or more strain gauges (29a, 29b, 
29c) for measuring the positions of the levers. 

18. A positioner according to claim 17, wherein the one 
or more strain gauges are coupled to respective 
bridge measuring circuits mounted on the positioner. 

19. A positioner according to any of claims 1 to 1 8, com- 
prising a further plurality of levers (10,12) extending 
away from each other, the further levers being con- 
nected to the base and the drive mechanism so that 
actuation of the drive mechanism is transmitted to 
the further levers to cause them to move with respect 
to the base. 

20. A positioner according to claim 1 9, each further lever 
being rotatably mounted on a fulcrum (11, 13), there- 
by subdividing the further levers into inner and outer 
arms with the inner arms connected to the drive 
mechanism and the outer arms connected to the 
base. 

21. A positioner according to claim 19 or 20, the drive 
mechanism being arranged to act on each of the 
further levers in the same direction. 

22. A positioner according to any of claims 1 9 to 21 , the 
drive mechanism being arranged to act on the further 
levers in a direction which is different to that in which 
it acts on the first mentioned levers. 

23. A positioner according to any of claims 1 9 to 22, each 
of the further levers being aligned with a correspond- 
ing one of the first mentioned levers. 

24. A positioner according to any of claims 1 9 to 23, the 
further levers being connected together by a flexible 
hinge (23). 

25. A positioner according to claim 24, wherein the fur- 
ther levers are formed from a single cross member 
(7), the flexible hinge being provided by a thinned 
section of the cross member. 

26. A positioner according to any of claims 20 to 25, the • 
support walls also supporting the further levers, the 
further levers being connected to the support walls 
by flexible connections for providing the fulcrums. 
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27. A positioner according to claim 26, wherein each fur- 
ther lever and its support wall are of unitary construc- 
tion, the flexible connection being provided by a 
thinned section at their junction. 

5 

28. A positioner according to claim 26 or 27, wherein the 
first mentioned, levers, the support walls and the fur- 
ther levers are of unitary construction. 

29. A positioner according to any of claims 19 to 28, 10 
wherein the further levers are connected to the base 

by a pair of input linkages (22, 24) which are stiff in 
respect of forces applied along their axes of extent. 

30. A positioner according to claim 29, wherein the input is 
linkages are deformable in respect of forces applied 
transverse to their axes of extent. 

31 . A positioner according to claim 29 or 30, wherein the 
input linkages extend away from the input levers on 20 
the same side as that on which the drive mechanism 

is located. 

32. A positioner according to any of claims 29 to 31, 
wherein the input linkages extend substantially par- 25 
allel to a drive axis along which the drive mechanism 
supplies an actuation force. 

33. A positioner according to any of claims 1 9 to 32, fur- 
ther comprising biasing elements (38, 40) connected 30 
to each further lever and arranged to resist move- 
ment of the further levers relative to the base and so 
provide a restoring force when the further levers are 
moved. 

35 

34. A positioner according to any of claims 19 to 33, fur- 
ther comprising a mechanical stop (42, 46) connect- 
ed to each further lever to limit the amount by which 
it can move relative to the base. 

40 

35. A positioner according to any of claims 19 to 34, fur- 
ther comprising one or more strain gauges (29a, 29b, 
29c) for measuring the positions of the further levers. 

36. A positioner according to claim 35, wherein the one 
or more strain gauges are coupled to respective 
bridge measuring circuits mounted on the positioner. 

37. A multi-axis positioner (102) comprising a first posi- 
tioner (2) according to any of claims 1 to 36 aligned 
along a first direction and a second positioner (2) 
according to any of claims 1 to 36 aligned along a 
second, different, direction, the first and second po- 
sitioners connecting between a common base (1 04) 
and a common sample platform (106). 

38. A multi-axis positioner according to claim 37, where- 
in the first direction and the second direction are or- 



thogonal to one another. 

39. A multi-axis positioner (102) according to claim 37 
or 38, further comprising a third positioner (2) ac- 
cording to any of claims 1 to 36 aligned along a third 
direction, the third direction being different to the first 
and second directions, the third positioner connect- 
ing between the common base and the common 
sample platform, 

40. A multi-axis positioner according to claim 39, where- 
in the third direction is orthogonally arranged with 
respect to at least one of the first or second direc- 
tions. 



Patentanspruche 

1 . Positionierer (2, 1 02), der aufweist: 

eine Basis (4, 1 04) und eine Probenplattform (6, 
106), die relativ zur Basis bewegbar ist, 
einen Antriebsmechanismus (8), der angeord- 
net ist, so daB er zwischen der Basis und der 
Probenplattform fungiert, 
eine Mehrzahl von Hebeln (14,1 6), die sich von- 
einander weg erstrecken, wobei die Hebel die 
Probenplattform stutzen und mit dem Antriebs- 
mechanismus verbunden sind, so daB die Be- 
tatigung des Antriebsmechanismus unter me- 
chanischer Ausnutzung der Hebel ubertragen 
wird, um die Probenplattform zu positionieren, 
wobei jeder Hebel drehbar an einem Hebelpukt 
(15, 1 7) montiert ist, wodurch die Hebel in einen 
inneren und einen auBeren Arm unterteilt wer- 
den, wobei die inneren Arme mit dem Antriebs- 
mechanismus verbunden sind und die auBeren 
Arme die Probenplattform stutzen, gekenn- 
zeichnet durch 

Stutzwande (18, 20), die mit den Hebeln durch 
. flexible Verbindungen verbunden sind, um die 
Hebelpunkte zu bilden. 

2. Positionierer nach Anspruch 1 , bei dem der Antriebs- 
mechanismus angeordnet ist, so daB er in der glei- 
chen Richtung auf die Hebel wirkt. 

3. Positionierer nach einem der Anspruche 1 oder 2, 
bei dem der Antriebsmechanismus ein piezoelektri- 
sches Element aufweist. 

4. Positionierer nach einem der Anspruche 1 bis 3, bei 
dem die Mehrzahl von Hebeln zumindest ein Hebel- 
paar aufweist, das sich zueinander in gegenuberlie- 
gende Richtungen erstreckt. 

5. Positionierer nach einem der Anspruche 1 bis 4, der 
weiterhin aufweist ein flexibles Gelenk (19), das zu- 
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mindest einige der Hebel miteinander verbindet. 

6. Positionierer nach Anspruch 5, wobei die Hebel aus 
einem einzelnen Kreuzelement (9) gebildet sind, wo- 
bei das flexible Gelenk durch einen verdunnten Ab- 5 
schnitt des Kreuzelements bereitgestellt wird. 

7. Positionierer nach einem der Anspruche 1 bis 6, wo- 
bei jeder Hebel und seine Stutzwand einstuckig her- 
gestellt sind, wobei die flexible Verbindung durch ei- 10 
nen verdunnten Verbindungsabschnitt bereitgestellt 
wird. 

8. Positionierer nach einem der Anspruche 1 bis 7, bei 
dem die Hebelpunkte relativ zueinander bewegbar 15 
sind, so daB die Probenplattform in bezug auf die 
Basis gedreht werden kann. 

9. Positionierer nach einem der Anspruche 1 bis 8, bei 
dem die Probenplattform auf den Hebeln mittels ei- 20 
nes Paares von Ausgangsbindungen (26, 28), die 

fur Krafte, die entlang ihrer Ausdehnungsachse auf- 
gebracht werden, steif sind, montiert ist. 

1 0. Positionierer nach Anspruch 9, wobei die Ausgangs- 25 
verbindungen deformierbar sind durch Krafte, die 
quer zu deren Ausdehnungsachsen aufgebracht 
werden. 

11. Positionierer nach Anspruch 9 Oder 10, bei dem die 30 
Ausgangsverbindungen sich von den Hebeln auf 
derselben Seite, an der der Antriebsmechanismus 
lokalisiert ist, weg erstrecken. 

12. Positionierer nach einem der Anspruche 9 bis 11, 35 
wobei die Ausgangsverbindungen sich im wesentli- 
chen parallel zu einer Antriebsachse erstrecken, ent- 
lang welcher der Antriebsmechanismus eine Betati- 
gungskraft anlegt. 

40 

13. Positionierer nach einem der Anspruche 1 bis 12, 
der weiterhin aufweist Vorspannelemente (38, 40), 
die mit jedem Hebel verbunden sind und angeordnet 
sind, um einer Bewegung der Hebel relativ zur Basis 

zu widerstehen und somit eine Ruckstellkraft bereit- 45 
stellen, wenn die Hebel bewegt werden. 

14. Positionierer nach einem der Anspruche 1 bis 13, 
der weiterhin aufweist einen mechanischen An- 
schlag (44, 48), der mit jedem Hebel verbunden ist, so 
um die Strekke, uber die er sich relativ zur Basis 
bewegen kann, zu begrenzen. 

15. Positionierer nach einem der Anspruche 1 bis 14, 

bei dem die mechanische Kraftverstarkung der He- 55 
bei derart wirkt, daB sie die Probenplattform um eine 
GrdBe verschiebt, die groBer als die Bewegung des 
Antriebsmechanismus ist. 



16. Positionierer nach einem der Anspruche 1 bis 15, 
bei dem die mechanische Kraftverstarkung der He- 
bel derart wirkt, daB sie die Probenplattform um eine 
Wegstrecke bewegt, die geringer als die Bewegung 
des Antriebsmechanismus ist. 

17. Positionierer nach einem der Anspruche 1 bis 16, 
der weiterhin aufweist ein oder mehrere Dehnungs- 
messer (29a, 29b, 29c) fur das Messen der Positio- 
nen der Hebel. 

18. Positionierer nach Anspruch 17, bei dem der eine 
oder die mehreren Dehnungsmesser mit entspre- 
chenden MeBbrucken, die auf dem Positionierer 
montiert sind, verbunden sind. 

19. Positionierer nach einem der Anspruche 1 bis 18, 
der eine weitere Mehrzahl von Hebeln (10, 12) auf- 
weist, die sich voneinander weg erstrecken, wobei 
die weiteren Hebel mit der Basis und dem Antriebs- 
mechanismus verbunden sind, so daB die Betati- 
gung des Antriebsmechanismus auf die weiteren 
Hebel ubertragen wird, um zu veranlassen, daB sie 
sich in bezug auf die Basis bewegen. 

20. Positionierer nach Anspruch 1 9, wobei jeder weitere 
Hebel drehbar um einen Drehpunkt (11,13) montiert 
ist, wobei die weiteren Hebel in innere und auBere 
Arme unterteilt sind, wobei die inneren Arme mit dem 
Antriebsmechanismus verbunden sind und die au- 
Beren Arme mit der Basis verbunden sind. 

21 . Positionierer nach Anspruch 1 9 oder 20, wobei der 
Antriebsmechanismus derart angeordnet ist, daB er 
auf jeden der weiteren Hebeln in der gleichen Rich- 
tung einwirkt. 

22. Positionierer nach einem der Anspruche 19 bis 21, 
wobei der Antriebsmechanismus angeordnet ist, so 
daB er auf die weiteren Hebel in einer Richtung ein- 
wirkt, die sich von der unterscheidet, in der er auf 
die zuerst erwahnten Hebel einwirkt. 

23. Positionierer nach einem der Anspruche 19 bis 22, 
wobei jeder der weiteren Hebel mit einem entspre- 
chenden der erst erwahnten Hebel ausgerichtet ist. 

24. Positionierer nach einem der Anspruche 19 bis 23, 
wobei die weiteren Hebel mittels eines flexiblen Ge- 
lenks (23) miteinander verbunden sind. 

25. Positionierer nach Anspruch 24, bei dem die weite- 
ren Hebel aus einem einzelnen Kreuzelement (7) 
gebildet sind, und das flexible Gelenk durch einen 
verdunnten Abschnitt des Kreuzelements bereitge- 
stellt wird. 

26. Positionierer nach einem der Anspruche 20 bis 25, 
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wobei die Stutzwande ebenso die weiteren Hebel 
stutzen, wobei die weiteren Hebel mit den Stutzwan- 
den durch flexible Verbindungen fur das Bereitstel- 
len der Drehpunkte verbunden sind. 

5 

27. Positionierer nach Anspruch 26, bei dem jeder wei- 
tere Hebel und seine Stutzwand einstuckig herge- 
stellt sind, wobei die flexible Verbindung durch einen 
verdunnten Abschnitt an deren Verbindung bereit- 
gestellt wird. w 

28. Positionierer nach Anspruch 26 Oder 27, bei dem die 
erst erwahnten Hebel, die Stutzwande und die wei- 
teren Hebel einstuckig ausgefuhrt sind. 

15 

29. Positionierer nach einem der Anspruche 19 bis 28, 
bei dem die weiteren Hebel mit der Basis durch ein 
Paar von Eingangsverbindungen (22, 24) verbunden 
sind, die in bezug auf Krafte, die entlang deren Aus- 
dehnungsachse aufgebracht werden, steif sind. 20 

30. Positionierer nach Anspruch 29, bei dem die Ein- 
gangsverbindungen deformierbar sind in bezug auf 
Krafte, die quer zu ihren Ausdehnungsachsen auf- 
gebracht werden. 25 

31 . Positionierer nach Anspruch 29 Oder 30, bei dem die 
Eingangsverbindungen sich von den Eingangshe- 
beln der selben Seite weg erstrecken, an der der 
Antriebsmechanismus lokalisiert ist. 30 

32. Positionierer nach einem der Anspruche 29 bis 31, 
bei dem sich die Eingangsverbindungen im wesent- 
lichen parallel zu einer Antriebsachse erstrecken, 
entlang der der Antriebsmechanismus eine Betati- 35 
gungskraft liefert. 

33. Positionierer nach einem der Anspruche 19 bis 32, 
der weiterhin aufweist Vorspannelemente (38, 40), 

die mit jedem weiteren Hebel verbunden sind und *o 
derart angeordnet sind, daB sie einer Bewegung der 
weiteren Hebel relativzur Basis widerstehen und so- 
mit eine Ruckstelikraft bereitstellen, wenn die weite- 
ren Hebel bewegt werden. 

45 

34. Positionierer nach einem der Anspruche 19 bis 33, 
der weiterhin aufweist einen mechanischen An- 
schlag (42, 46), der mit jedem weiteren Hebel ver- 
bunden ist, urn die GroBe, urn die er relativ zur Basis 
bewegt werden kann, zu begrenzen. 50 

35. Positionierer nach einem der Anspruche 19 bis 34, 
der weiterhin aufweist ein oder mehrere Dehnungs- 
messer (29a, 29b, 29c) fur das Messen der Positio- 
nen der weiteren Hebel. 55 

36. Positionierer nach Ansoruch 35, bei dem der eine 
oder die mehreren Dehnungsmesser mit entspre- 



chenden MeBbrucken, die auf dem Positionierer 
montiert sind, verbunden sind. 

37. Mehrachsenpositionierer (102), der einen ersten Po- 
sitionierer (2) nach einem der Anspruche 1 bis 36 
ausgerichtet entlang einer ersten Richtung und ei- 
nen zweiten Positionierer (2) nach einem der An- 
spruche 1 bis 36 ausgerichtet entlang einer zweiten 
anderen Richtung aufweist, wobei erste und zweite 
Positionierer eine gemeinsame Basis ( 1 04) und eine 
gemeinsame Probenplattform (106) verbinden. 

38. Mehrachsenpositionierer nach Anspruch 37, bei 
dem die erste Richtung zur zweiten Richtung ortho- 
gonal ist. 

39. Mehrachsenpositionierer (102) nach Anspruch 37 
oder 38, der weiterhin aufweist einen dritten Positio- 
nierer (2) nach einem der Anspruche 1 bis 36, der 
entlang einer dritten Richtung ausgerichtet ist, wobei 
sich die dritte Richtung von der ersten und der zwei- 
ten Richtung unterscheidet und der dritte Positionie- 
rer zwischen der gemeinsamen Basis und der ge- 
meinsamen Probenplattform verbunden ist. 

40. Mehrachsenpositionierer nach Anspruch 39, bei 
dem die dritte Richtung orthogonal in bezug auf zu- 
mindest die erste oder die zweite Richtung ist. 

Revendications 

1. Dispositif positionneur (2, 102) comprenant : 

une base (4, 104) et un porte-echantillons (6, 
106) mobile par rapport a la base ; 
un mecanisme d'entrainement (8) agence pour 
agir entre la base et le porte-echantillons ; 
une pluralite de leviers (14, 16) s'eloignant les 
uns des autres, les leviers supportant le porte- 
echantillons et etant raccordes au mecanisme 
d'entrainement de telle sorte que I'actionnement 
du mecanisme d'entrainement est transmis 
sous I'effet mecanique des leviers pour position- 
ner le porte-echantillons ; chaque levier etant 
monte de maniere rotative sur un pivot (1 5, 17), 
subdivisant ainsi les leviers en bras internes et 
externes avec les bras internes raccordes au 
mecanisme d'entrainement et les bras externes 
supportant le porte-echantillons ; caracterise 
par 

des parois de support (18, 20) raccordees aux 
leviers par des raccords flexibles pour former 
les pivots. 

2. Dispositif positionneurselon la revendication 1,dans 
lequel le mecanisme d'entrainement est agence 
pour agir sur les leviers dans la meme direction. 



13 



25 



EP 1 716 603 B1 



26 



3. Dispositif positionneur selon Tune quelconque des 
revendications 1 ou 2, dans lequei !e mecanisme 
d'entrainement comprend un element piezo-electri- 
que. 

5 

4. Dispositif positionneur selon Tune quelconque des 
revendications 1 a 3, dans lequei la pluralite de le- 
viers comprend au moins une paire de leviers qui 
s'etendent dans des directions opposees Tune a 
I'autre. w 

5. Dispositif positionneur selon Tune quelconque des 
revendications 1 a 4, comprenant en outre une char- 
niere flexible (19) interconnectant au moins certains 
des leviers. 15 

6. Dispositif positionneur selon la revendication 5, dans 
lequei les leviers sont formes a partir d'un seul ele- 
ment transversal (9), la charniere flexible etant four- 

nie par une section plus fine de I'element transversal. 20 

7. Dispositif positionneur selon Tune quelconque des 
revendications 1 a 6, dans lequei chaque levier et 
sa paroi de support sont formes d'un seul tenant, la 
connexion flexible etant fournie par une section de 25 
jonction plus fine. 

8. Dispositif positionneur selon Tune quelconque des 
revendications 1 a 7, dans lequei les pivots sont mo- 
biles les uns par rapport aux autres de telle sorte 30 
que le porte-echantillons puisse pivoter par rapport 

a la base. 

9. Dispositif positionneur selon Tune quelconque des 
revendications 1 a 8, dans lequei le porte-echan- 35 
tillons est monte sur les leviers par une paire de cou- 
plages de sortie (26, 28) qui sont rigides par rapport 
aux forces appliquees le long de leurs axes d'ampli- 
tude. 

40 

10. Dispositif positionneurselon la revendication 9, dans 
lequei les couplages de sortie sont deformables par 
rapport aux forces appliquees en travers de leurs 
axes d'amplitude. 

45 

11. Dispositif positionneur selon la revendication 9 ou 
10, dans lequei les couplages de sortie s'eloignent 
des leviers sur le meme cote que celui ou se situe 
le mecanisme d'entrainement. 

50 

12. Dispositif positionneur selon Tune quelconque des 
revendications 9 a 1 1 1 dans lequei les couplages de 
sortie s'etendent sensiblement parallelement a un 
axe d'entrainement le long duquel le mecanisme 
d'entrainement fournit une force d'actionnement. 55 

13. Dispositif positionneur selon Tune quelconque des 
revendications 1 a 12, comprenant en outre des ele- 



ments de polarisation (38, 40) raccordes a chaque 
levier et agences pour resister au mouvement des 
leviers par rapport a la base et fournir ainsi une force 
de rappel lorsque les leviers sont deplaces. 

14. Dispositif positionneur selon Tune quelconque des 
revendications 1 a 13, comprenant en outre un arret 
mecanique (44, 48) raccorde a chaque levier pour 
limiter le degre selon lequei il peut etre deplace par 
rapport a la base. 

15. Dispositif positionneur selon Tune quelconque des 
revendications 1 a 14, dans lequei I'effet mecanique 
des leviers deplace le porte-echantillons selon une 
amplitude superieure au mouvement du mecanisme 
d'entrainement. 

16. Dispositif positionneur selon Tune quelconque des 
revendications 1 a 15, dans lequei I'effet mecanique 
des leviers deplace le porte-echantillons selon une 
amplitude inferieure au mouvement du mecanisme 
d'entrainement. 

17. Dispositif positionneur selon Tune quelconque des 
revendications 1 a 16, comprenant en outre un ou 
plusieurs extensometres (29a, 29b, 29c) pour me- 
surer les positions des leviers. 

18. Dispositif positionneur selon la revendication 17, 
dans lequei le ou les extensometres sont couples a 
des circuits de mesure en pont respectifs montes 
sur le dispositif positionneur. 

19. Dispositif positionneur selon Tune quelconque des 
revendications 1 a 18, comprenant une autre plura- 
lite de leviers (10,12) s'eloignant les uns des autres, 
les autres leviers etant raccordes a la base et au 
mecanisme d'entrainement de telle sorte que I'ac- 
tionnement du mecanisme d'entrainement soit 
transmis aux autres leviers pour les amener a se 
deplacer par rapport a la base. 

20. Dispositif positionneur selon la revendication 19, 
chaque autre levier etant monte de maniere rotative 
sur un pivot (11,13), subdivisant ainsi les autres le- 
viers en bras internes et externes avec les bras in- 
ternes raccordes au mecanisme d'entrainement et 
les bras externes raccordes a la base. 

21 . Dispositif positionneur selon 1 a revendication 1 9 ou 
20, 1e mecanisme d'entrainement etant agence 
pour agir sur chacun des autres leviers dans la meme 
direction. 

22. Dispositif positionneur selon Tune quelconque des 
revendications 19 a 21, le mecanisme d'entraine- 
ment etant agence pour agir sur les autres leviers 
dans une direction qui est differente de celle dans 
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laquelle il agit sur les premiers leviers mentionnes. 

23. Dispositif positionneur selon Tune quelconque des 
revendications 1 9 a 22, chacun des autres leviers 
etant aligne avec un levier correspondant des pre- 5 
miers leviers mentionnes. 

24. Dispositif positionneur selon Tune quelconque des 
revendications 1 9 a 23, les autres leviers etant rac- 
cordes ensemble par une charniere flexible (23). 10 

25. Dispositif positionneur selon la revendication 24, 
dans lequel les autres leviers sont formes a partir 
d'un seul element transversal (7), la charniere flexi- 
ble etant fournie par une section plus fine de Tele- *5 
ment transversal. 

26. Dispositif positionneur selon Tune quelconque des 
revendications 20 a 25, les parois de support sup- 
portant egalement les autres leviers, les autres le- 20 
viers etant connectes aux parois de support par des 
raccords flexibles pour fournir les pivots. 

27. Dispositif positionneur selon la revendication 26, 
dans lequel chaque autre levier et sa parol de sup- 25 
port sont formes d'un seul tenant, le raccord flexible 
etant fourni par une section plus fine a leur jonction. 

28. Dispositif positionneur selon la revendication 26 ou 

27, dans lequel les premiers leviers mentionnes, les 30 
parois de support et les autres leviers sont formes 
d'un seul tenant. 

29. Dispositif positionneur selon Tune quelconque des 
revendications 1 9 a 28, dans lequel les autres leviers 35 
sont raccordes a la base par une paire de couplages 
d'entree (22, 24) qui sont rigides par rapport aux for- 
ces appliquees le long de leurs axes d'amplitude. 

30. Dispositif positionneur selon la revendication 29, *o 
dans lequel les couplages d'entree sont deformables 

par rapport aux forces appliquees en travers de leurs 
axes d'amplitude. 

31 . Dispositif positionneur selon la revendication 29 ou *5 
30, dans lequel les couplages d'entree s'eloignent 
des leviers d'entree sur le meme cote que celui sur 
lequel se situe le mecanisme d'entrainement. 

32. Dispositif positionneur selon Tune quelconque des so 
revendications 29 a 31, dans lequel les couplages 
d'entree s'etendent sensiblement parallelement a un 
axe d'entrainement le long duquel le mecanisme 
d'entrainement fournit une force d'actionnement. 

55 

33. Dispositif positionneur selon Tune quelconque des 
revendications 19 a 32, comprenant en outre des 
elements de polarisation (38, 40) raccordes a cha- 



que autre levier et agences pour resister au mouve- 
ment des autres leviers par rapport a la base et four- 
nir ainsi une force de rappel lorsque les autres leviers 
sont deplaces. 

34. Dispositif positionneur selon Tune quelconque des 
revendications 1 9 a 33, comprenant en outre un arret 
mecanique (42, 46) raccorde a chaque autre levier 
pour limiter le degre selon lequel il peut se deplacer 
par rapport a la base. 

35. Dispositif positionneur selon Tune quelconque des 
revendications 19 a 34, comprenant en outre un ou 
plusieurs extensometres (29a, 29b, 29c) pour me- 
surer les positions des autres leviers. 

36. Dispositif positionneur selon la revendication 35, 
dans lequel le ou les extensometres sont couples a 
des circuits de mesure en pont respectifs montes 
sur le dispositif positionneur. 

37. Dispositif positionneur a axes multiples (102) com- 
prenant un premier dispositif positionneur (2) selon 
Tune quelconque des revendications 1 a 36 aligne 
le long d'une premiere direction et un second dispo- 
sitif positionneur (2) selon Tune quelconque des re- 
vendications 1 a 36 aligne le long d'une seconde 
direction, differente, les premier et second dispositif s 
positionneurs etant raccordes entre une base com- 
mune (104) et un porte-echantillon commun (106). 

38. Dispositif positionneur a axes multiples selon la re- 
vendication 37, dans lequel la premiere direction et 
la seconde direction sont perpendiculaires Tune a 
I'autre. 

39. Dispositif positionneur a axes multiples (102) selon 
la revendication 37 ou 38, comprenant en outre un 
troisieme dispositif positionneur (2) selon I'une quel- 
conque des revendications 1 a 36 aligne le long 
d'une troisieme direction, la troisieme direction etant 
differente des premiere et seconde directions, le troi- 
sieme dispositif positionneur etant raccorde entre la 
base commune et le porte-echantillons commun. 

40. Dispositif positionneur a axes multiples selon la re- 
vendication 39, dans lequel la troisieme direction est 
agencee de maniere perpendiculaire a au moins 
I'une de la premiere ou de la deuxieme direction. 
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Fig. 2 
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Fig. 7 



20 



EP 1 716 603 B1 



REFERENCES CITED IN THE DESCRIPTION 

This list of references cited by the applicant is for the reader's convenience only. It does not form part of the European 
patent document Even though great care has been taken in compiling the references, errors or omissions cannot be 
excluded and the EPO disclaims all liability in this regard. 



Patent documents cited in the description 



• US 3902084 A [0003] [0076] 

• US 3902085 A [0003] [0076] 

• JP 21 19277 A [0005] [0005] [0005] [0076] 



EP 0510698 A [0005] [0076] 

US 6346710 B [0006] 

EP 0937961 A [0047] [0074] [0076] 



Non-patent literature cited in the description 



DIETER POHL. Review of Scientific Instruments 
[0004] 



DIETER POHL. Review of Scientific Instruments, 
1 986, vol. 58, 54-57 [0076] 



21 



